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B. Executive Summary

TRANSPORT, TRANSFORMATION, AND EFFECTS OF SE AND CARBON IN THE DELTA OF
THE SACRAMENTO-SANJOAQUIN RIMERS: IMPLICATIONS FOR ECOSYSTEM
RESTORATION.

Request: $3,361,160. Contact: S. Luoma, J. Cloern, USGS, MS465, 345 Middlefield Rd., Menlo Park, CA
94025, snluoma@usgs.goy; 650-329-4481, FAX-X4545. Co-Pls: ,L. Lucas, J. Burau, BG Lee, R. Stewart,
USGS, S. Monismith, Stanford U, M. Stacey, U. Calif. Berkeley, G.A. Cutter,M. Doblin, Old Dominion
U., Norfolk, VA, N. S. Fisher, S. Baines ,Mar. Sci. Res. Center, SUNY , Stony Brook NY .

The Sacramento-SanJoaquin Delta provides ecological and economic services of great significance
to the entire Bay-Delta ecosystem. But important processes in the Delta are poorly understood. Many
CALFED restoration alternatives involve changing inflows from the San Joaquin River (SJR) to the Delta
and Bay, despitethe impaired quality of SIR water. Great uncertainties exist about the effects of delivery of
this poor quality water on Bay-Delta ecosystem restoration. The Delta is also a biogeochemical reactor that
transforms materials after delivery and during transport to Suisun Bay. This function has direct influences
on issues like the fate or trapping of pollutants (e.g. Se), drinking-water quality and native fish restoration.
Carbon and selenium (Se) are two of the most important reactive elements in the Delta. Carbon is the
universal currency of ecological energetics; biomass and production rates of biota are measured in carbon
units, and used to construct foodwebs and calculate population growth rates. Some of the most contentious
restoration issues in the Bay-Delta revolve around the potentially toxic element Se. Construction of new
canals, reservoirs, barriers, and shallow-water habitats could all intentionally or unintentionally change the
loading of Se to the Delta and/or the Bay, thereby countering otherwise beneficial effects. CALFED
CategoryIiI is presently funding projects focused on C and on Se. They both identified transport through
the Delta and transformations within the Delta as knowledge gaps that could limit plans for restoring Bay-
Delta ecosystems. Rather than submit two independent requests for next-phase funding of these projects, we
herein propose one integrated project in which the dynamics of Se are studied from a perspective that
considersthe carbon cycle in the Delta and incorporatesuse of a newly refined, hydrodynamic transport
model for the Delta. We believe that this offers several potential avenues for rapid scientific advancement.
It is a unique opportunity to take timely advantage of the momentum and the expertise used to make recent
important advances in physical modeling of the Delta. It is also an opportunity to assemble an
interdisciplinary project of nearly unprecedented scope, around an important problem. If Se and C are good
scalars for refining the Delta transport model, the project will advance knowledge applicable to transport
and transformation of other reactive substances found in the SJR, like nutrients and pesticides.

The overall objectives of this multi-faceted program of targeted research are: (1) Use newly
developed approachesto determine, under a variety of conditions, how the Delta system transports and
distributes conservative materials delivered from the rivers; (2) Evaluate transformations of Se and C in the
Delta---within a transport context---and their consequent distributions; and (3) Determine how transport and
transformation of Se will affect critical food webs in the Delta and the Bay. The project will deliver
products that include: (1) Model forecasts of Se and C dynamics in the Delta under a variety of flow
regimes, with and without biological transformation reactions; (2) Delta-scale verification of forecasts by
monthly analyses and transects of water column Se and bioindicators; (3) Detailed knowledge of Se
transformation and transport within critical habitats in the Delta, integrating 3D hydrodynamic models,
physical experiments, detailed studies of water, sedimentand bioindicators, and biouptake studieswith local
flora and fauna; (4) analysis, modeling and effects studies of Se within the Bay'and Delta food web. The
outcome of the project will have applications to the many issues of relevance to CALFED that converge in
the Delta, including long-contentious Se issues. Delta-scale, and local-scale physical, geochemical and




ecological models will be produced that will be directly applicableto evaluating solutionsto those issues in
the future.

C. Project Description

C.l. Problem/C1.a. Problem Statement

Results from ouT two Category 111 projects show that the dynamics of Se are tightly coupled to the dynamics
of C. Questions about the inputs, transports, transformations, and foodweb incorporation of Se in the Delta
simultaneouslymust consider the sources, transports, and trophic transfer of carbon.

Complex physical processes are part of the challenge of understanding the Delta. The interaction of
tides with complicated geometry can result in dispersive transports of constituents that cannot be predicted
with simple, one-dimensional models or with measures of net flow and mean concentration. Models that
incorporate processes like tidal dispersionare computationallyexpensive, but recent advances in computer
hardware make detailed simulations feasible for large spatial domains over hydrologically and ecologically
relevant timescales (months). The recent successful demonstrations of Delta-wide and habitat-specific tida}-
forcingmodels showed results that could not be predicted from other modeling approaches [53, 54]. The
ability of the DELTA-TRIM hydrodynamic model to calculate transport of conservative tracers was verified
by simulating a dye release conducted i 1997[54, 56]. Salttransport simulationsin 2D and 3D compared
well with measurements[53]. Itis now feasible to use this model to study more complicated constituents
like Se and address how hydrologic conditions will affect the fate of Se in the Delta across a range of
hydrologic regimes.

The chemical speciation of Se determinesits fate, cyclingand biological impacts (Fig. 1). Selenate
(SeVl) is the principal dissolved form in imgation drainage (and in the rivers) although some organic
selenide (Se -11) also is present. Selenite(SeI'V) dominates oil refinery inputs, but little is present in other
sources. Transformation of dissolved to particulate Se depends upon speciation. Within the Delta,
transformation of selenate to elemental particulate Se(0) and particulate organic selenide occurs via
microbial reduction [57] or uptake by primary producers. After transformation, Se can recycle back to the
water column [14]. For example, dissolved organic selenide forms in pore waters and determinesrates of
flux to the water column from sediments [16]. Careful considerationof Se speciation and particulate
transformation is critical to any successful study of the element. Se:C ratios also can be used to account for
biogeochemical reactions of Se, and exclude mineral clays (which act essentially as a particle diluent).
Knowledge of Se:C ratios in phytoplankton allow quantification of Se transformationby C productivity, and
thus facilitate modeling influences of primary production on a Delta Se budget.

Transformationsby primary producers are of special interest in the Delta because phytoplankton
dominate some Delta habitats, aquatic macrophytes dominate others, and wetlands are common throughout.
Comparisons of Se cycling among such habitats are rare; yet it is conceivablethat cycling could differ
dramatically, and some restoration outcomes might result in more Se problems than others. One of the
important knowledge gaps is how the specific phytoplanktontypical of the Delta might transform Se.
Relevant information from the literature is limited and contradictory. Freshwater algae show saturation
uptake kinetics for selenomethionine,but only some species do so for selenate and none for selenite[61].
Selenateis accumulated through the sulfate uptake pathway [63], so it could be more efficientlytransformed
by plants in the Delta than in estuarine waters. Uptake of selenite is better known than uptake of selenate
(68,25, 33] and it is clear that species differ greatly in their ability to accumulate selenite (Fig. 1). Organic
selenides are an important form of the element, but studies of the their bioavailability arejust beginning [68,
2,331. Organic selenide released by the alga Aureococcus anophagefferens after lysisby a virus was readily
available to 7. pseudonana [26], and Se in lysates of 7. pseudonana is taken up by several other species at
rates that are similar to those for selenite [1]. The long residence times of organic selenidesin water
columns suggest recalcitrant forms also exist, however. Studies of selenate and organic selenide uptake




rates with a variety of local phytoplankton species are needed to model and understand Se transformations
in the Delta.

Se concentrations, speciation, incorporation by algae and transformation in sedimentswill determine
Se accumulationin the resident food web [49, 62]. Se magnifies in the food web as plants are eaten by their
consumers and as consumersare eaten by their predators{49). Small enrichments of Se in the Bay have
resulted in substantial build-up in food webs, especially in benthivores [17, 35, 44]. Potential for adverse
effects on upper trophic level species is the reason Se is of concern {41]. Understandingthe effects of
changes in future Se loads requires understanding how those loads might influence restoration of the Delta
food web. This will involveidentifying species critically sensitive to Se, either via elevated exposure or via
physiological vulnerabilityto its effects. If benthivorous speciesare the most likely to be affected by Se, the
greatest need is to understand how Se effects might be manifested in such species.
C.1b. Conceptual Model
The guiding questions of this proposal present a profound scientific challenge because they involve the
interacting effects of diverse and complex physical, biological, and biogeochemical processes, most of
which are not well characterized in the Delta. Figure 2 shows a general conceptualization of the problem,
Figure 3 reflects the interrelationshipsamong tasks, and Figure 1 is a conceptual model more specificto Se
in the Delta. The simplest view of the problem begins with the loading of dissolved forms of Se from the
SJR. If the forms of Se were unreactive, then their distribution would be determined by the flow paths of
water parcels across the Delta. For this reason, our project includes a component of new field measurements
and numerical modeling to characterize the' Se distributions in a transport framework, including the
variability of flows and mixing processes. However we know that all chemical forms of Se can be
transformed by biogeochemical processes, including C production. Understanding the fate and effects of Se
requires consideration of both transport and transformation. One critical first step in the incorporation of
dissolved Se into the foodweb is assimilation by the primary producers, i.e. the phytoplankton, into
intracellular pools of organic selenide, primarily as amino acids and proteins. Therate of this
biotransformation is proportional to the rate of primary production, which averages 47 tons of carbon per
day for the entire Delta system [34]. After Se is transformed by phytoplankton, it is available for trophic
transfer to primary consumers such as mesozooplankton (rotifers, cladocerans, copepods) and, especially,
benthic invertebrates (clams, amphipods, insect larvae). Trophic transfer fram consumers to their predators
ultimately determinesadverse effects of Se; reproduction is the process most likely to be affected in
predators.
C.1c. Hypotheses:
What are the rates and pathways by which SJR-derived inputs of Se traverse the Delta? Hypotheses
developed around models that predict Delta-scale distributions of Se and C will involve two steps: 1)
utilizing the hydrodynamic model with non-reactive numerical "dyes"to estimate the simplest outer
envelope of total Se transport (assuming it is conservative) under a range of hydrologic and water
management scenarios; and 2) applyinga coupled hydrodynamic-biogeochemicalmodel in concert with
localized field studies to understand on a local scale, then model on a Delta-wide scale, how reactions will
modify dissolved Se transport and distribution. We will use this multi-faceted approach to answer a variety
of questions. For example: Does the Delta act as a trap or a conduit for Se and are there places within the
Delta where Se might be physically concentrated? What are the roles of primary forcings (tides, freshwater
inflow, wind)? How does the routing and transport rate of Se change under different conditions of river
flow, within-Delta consumptiveuse of water, exports, barrier placement or channel modification?
What are the rates and pathways by which SJR-derived inputs of Se are transformed by geochemical
and biological processes within the Delta? We will use 3D local models and process studies in several
specific Delta habitats along with monthly monitoring of those habitats and laboratory studies to determine




the dominantbiogeochemical reactions that alter the speciation of Se and the rates of Se transformations
relative to the rates of transport. We are also interested in whether gradientswithin habitats and differences
in primary production within and among habitats affect Se transformation. We will incorporate simple
water column transformations into the Delta-scale transport model from this knowledge. And we will use
the sophisticated transport model to refine exchange rates in a sequential reactor box model (under
development at ODU) which we will use to further understand the complex biogeochemical reactions of Se.
What are the effects of Se on critical species in the Delta and Bay food web?

We will use experiments, bioaccumulation models, and field measurements of stable isotopesand Se
concentrationsin food web organisms as bioindicatorsto answer questions about transfer of the Se
concentrationsand forms predicted from the above models into Delta food webs. Bioaccumulationby the
dominant Delta consumer species will be a special concern, as will the question of what predators are most
likely to be exposed to high concentrationsof Se should loadings increase in the Delta (similarly, what
organisms are least threatened is also important). From monitoring bioindicators we will evaluateif Sein
the food web is changing as refinery Se inputs decline, water management changes and hydrology varies
year-to-year. Finally we will continue the challenging studies of what predator exposure means: How will
Se contamination of consumer species affect reproduction in critical predators in the Bay?

C.1d. Adaptive Management: This project will quickly improve our understanding of Delta
hydrodynamics and thereby set the stage for vastly improved adaptive management with regard to issues
that involve water movement, complex mixing and constituent transformations within the Delta. Poor
knowledge of Delta hydrodynamics, carbon cycling and pollutant fate presently impedes many important
decisions. For example, uncertainties about Se issues have paralyzed some decisions for decades, partly
because it is recognized that mismanagement of Se issues could threaten the credibility of the restoration
process. Creation of another “Kesterson Syndrome” {59] would be disastrous. Effective adaptive
management must accompany any solution to the Se issues, but that will require pawerful tools and reliable
monitoring data to provide accurate feedback to managers. The specific studies proposed here will provide
methods and data for on-going evaluation of the status of Se contamination, as well as feedback with regard
to how specific restoration outcomes (phytoplankton-based habitat; macrophyte habitat; wetland habitat), or
management decisions (more or less water from the SJR; construction of a master drain either out-of-valley
or to the SJR) might affect Se threats to reproduction of species of concern. They will provide on-going
multi-mediamonitoring of the status of Se contamination as issues change and a baseline against which to
judge future changes. They extend regular data collectionto new environments (three specific Delta habitats
and the gradient from Carquinez Straitto Stockton). More important, the tools developed in this study
(critical knowledge gaps and dramatically improved hydrodynamic, geochemical, biological and synthesis
modeling tools), will be critical for evaluation of proposed future solutions to Se and other Delta-specific
issues, as well as managing them for the optimum desired outcomes.

C.2. Scope of work.

C.2a. Geographic Boundaries. The project will be bounded by Vemalis on the SIR, Freeport onthe
SacramentoRiver (SACR), and Carquinez Strait. Hydrographic data, monthly samples and historical data
from the boundary stations will be used to derive inputs and set up model boundary conditions.
Interdisciplinary, coordinated process studies will be conducted within the Delta at Mildred Island (MI),
Franks Tract (FT), and Threemile Slough (3MS). Primary production in MI may be dominated by
phytoplankton and, in FT, by macrophytes; so the two offer a valuable comparison for the Se transformation
studies. It is important to understand the ecology, physics and pollutant biogeochemistry of these habitats in
order to enhance their abilities to produce fish. 3MS is an especially important connection between the

major river systems and may deliver high Se concentrationsto the SACR at some times [19].
C.2b. Approach.




Task 1. Modeling. Toleam about the within-Deltaprocesses which influence the distribution, storage,
export, and fate of Se and C, modeling will be employed in concert with field experiments and analysis of
existing hydrologic data sets. We will use a high-resolutionhydrodynamic model to which transformation
reactions for Se and C will be eventually added. First, we will use the hydrodynamic model on a Delta-
scale to develop solute transport forecasts in the absence of reactions. This initial modeling phase will
consider Se a conservative species and will provide an “outer envelope” for how much Se might move from
the SJR to the Bay, or indicate where Se might concentrate in the Delta if governed purely by transport. This
phase will help guide Se sampling on the Delta-scale. Second, we will couple simple biogeochemical
submodelsto the hydrodynamic code and employ the coupled model on a local scale in concert with process
studies (simultaneous physical and biogeochemical) in the field. The field experiments will identify the
dominant processes required of a Delta transport model, illuminate the mechanisms governing
transformation of Se and C, and provide groundtruthing for the model. The model will also help us interpret
the measurements. Third, after having refined the coupled model in the second phase, we will use the
coupled model on a Delta-scale, to develop physics- and reaction-based forecasts of Se distribution,
transformation, and export. Delta-scalemodeling will address a variety of critical hydrologic regimes.

A. Hydrodynamic Medeling/No Reactions. The model to be used is “DELTA-TRIM,*‘which is the
TRIM3D hydrodynamics and transport code [6, 7] adapted for the Delta by Monsen [53]. DELTA-TRIM
may be used in 3D or 2D depth-averaged mode. By pooling several sources of data, Monsen [53] developed
a Deltabathymetry grid (Figure £)with approximately 150,000 horizontal grid cells (50 m resolution).
DELTA-TRIM incorporates flow from the SACR and SJR, export pump operations, approximately 250
within-Delta agricultural diversions and returns, and gate and temporary barrier operations [54]. The ability
of DELTA-TRIM to calculate transport of conservativetracers was verified by simulatinga dye release
conducted in 1997[54, 56]. Salt transport simulationsin 2D and 3D compared well with measurements
[53]. SeeFigure 5 for hydrodynamic model details.

We will first use DELTA-TRIM in 2D mode and treat Se as a nonreactive “dye“ to estimatean
“outerenvelope” of influence for different solute sources(e.g. SJR) and for several hydrologic, barrier, and
pump operation scenarios (see for example, Figure 6). For model verification and refinement, simulation
results will be compared with the physical field experiments (in Ml, FT, and 3MS). This will include
comparisonswith measured velocity fields and water surface elevation, dye concentrations and drogue
tracks. Comparisonsof 2D and 3D simulations with flux experimentsin 3MS will indicate 1) whether
DELTA-TRIM adequately predicts the potentially dominant process of tidal dispersion and complexities
introduced by channeljunctions and bends; and 2) whether the dominant transport processes may be
captured with the more efficient 2D model. The ability of DELTA-TRIMto calculate hydraulic residence
time in FT and MI will also be evaluated by comparison with dye experiments.

B. Local-scale Physical-Biogeochemical Modeling. Modeling of within-Deltabiogeochemical
transformations (with simultaneous transport) will use the DELTA-TRIM hydrodynamic model as the
backbone, but with added equations for reactions involving dissolved Se and phytoplankton biomass (Figure
7). Goals include understanding: 1)the portion of the dissolved Se pool “stripped” off by phytoplankton
within the Delta; 2) the relative amounts of phytoplankton-incorporated Se consumed by pelagic and benthic
grazers; and 3) the physical-biogeochemicalconditionswhich govern#1 and #2 above. See Figure 5for
details of the biogeochemical model. Application of the coupled model will first focus on comparisons with
the process experiments (in 3MS, MI, and FT) for model verification, refinement, and interpretation of
observations. Details of the hydrodynamic modeling approach, as well as Se and C transformation
processes and parameterizations, will be evaluated and refined. Boundary conditions (including water
surface elevation, phytoplanktonbiomass, and dissolved Se concentrationsat open boundaries, and
measured benthic grazing rates at the bottom boundary) and initial conditions (including spatial distributions




of phytoplankton biomass and dissolved Se) measured during the experimentswill be applied in model runs.
Other measurements factoring into the biogeochemical calculationsincludeturbidity and temperature.

C Delta-scale Physical-BiogeochemicalModeling. The physical-biogeochemical model developed and
refined in the second modeling phase will be ultimately used on a Delta-scale for addressing the transport-
and transfonnation-dependentdistribution and storage of Se across the Delta, as well as export of Seto the
Bay. The larger model domain will necessarilyrely on larger-scale sampling efforts, including measured
spatial distributions of and boundary conditions for phytoplankton biomass and Se, and measured Delta-
wide distributions of benthic consumers of phytoplankton for calculatingbenthic grazing rates for the
model. The latter will require one cross-Delta survey of the benthos (350 samples). (See Figure 5 for
details.)

Task?2. Physical Experiments. Hydrodynamic experimentswill be conducted in three localities (3MS, M,
and FT) to 1)identify and understand crucial Delta transport/export processes; 2) verify DELTA-TRIM’S
ability to capture the dominanttransport processes; 3) refine the hydrodynamics code if necessary; 4)
provide hydrodynamicinformation for interpreting measured temporal and spatial variability of Se and C.
Existing Delta hydrodynamicdatasets will also be analyzed. These physical experiments as part of the
integrated “process studies.”

A. Threemile Slough-Flux and Hydrodynamic Structure in a Tidal Channel. Correctly capturingthe
flow in curved channels and junctions (ubiquitousin the Delta) is essential for predicting the net transport of
atracer like Se because even subtle asymmetries in the tidal flow in these regions can result in large net
fluxes through the action of tidal dispersion. For example, the flow through 3MS---a connector between
SACR and SJR---isdriven by the differencein tidal phase between the two rivers. During periods of low
flow, tidally-averaged water transport is directed toward the SJR. However, since the tidal excursion in
3MS is greater than the length of the Slough, water from the SJR is carried into the SACR with eachtide.
The resulting tidal dispersion causes net transport of substances (like Se) that have higher concentrations in
the SJR than in the SACRto the SACR, despitethe net water transport in the opposite direction (see Figure
8).

We will: (1) determine whether 3MS is an important conduit of Se into the SACR (2) characterize
the three-dimensional structure of flows in channel bends and junctions and associated mixing; and (3)
provide a three-dimensional data set of fluxes for calibrating and verifying DELTA-TRIM. Taken together,
we are examining a critical aspect of Delta circulation---tidal dispersion in channel bends and junctions---in
a locationimportant to the distribution of Se in the Delta. We will conduct the 3MS study in fall, when the
SJR comprises the largest fraction of Delta inflows. High Se concentrationsat Rio Vista on the SACR
coincided with this hydrologic conditionin Oct. 1996 [19] (Fig. 9). Fixed instruments will collect 3-month
timeseries of velocity and specific conductivity (SC), and therefore flux, at each end of 3MS. Cross-channel
variability of velocity and SC (and therefore flux) will be measured in two locations, during different tidal
phases, and during spring tide and neap tide. Tidal excursion and exchange with the rivers will be
characterized by D-GPS drifters. A boat-mounted ADCP will quantify the evolution of 3D tidal flow in the
bend and junctions (see Figure 10 for details).
B. Mildred Island and Franks Tract—Residencetimes in Shallow WaterHabitats (SWH). Interior
hydrodynamics, including hydraulic residence time, will be examined at MI and FT. The residence time of
waters in both depends on: basin geometry; location, size and number of openings; density and distribution
of vegetation; presence of wind-waves and wind-driven flows; and spatial and temporal variability of the
above factors (e.g. the level of vegetation may vary seasonally and spatially). The hydrodynamic model
does not currently account for the spatial or temporal variability of all these factors, and we will evaluate
how important they are so that model improvement can be focused appropriately.




Tracking of a passive dye with a boat-mounted fluorometer will quantify the net exchange of fluid
between interior basins and adjoining channels, and will allow a direct estimate'ofresidencetime. Dye
measurements will be made from the R/V Compliance. D-GPS drifters will provide additional net transport
data and also indicate visually where the dye is likely to be. Fixed instruments will measure net fluxes in
and out of each SWH, as well as interior hydrodynamics. Density stratification, vertical velocity shear, and
the effects of vegetation on turbulence structure will be measured. The SWH experiments will occur during
summer to coincide with phytoplankton production and, in FT, Egeria growth. During each SWH
experiment, additional moored instruments will be deployed at the levee breaches of the alternate SWH, for
comparing consecutive summers if the two years present very different hydrologic conditions. (See Figures
11, 12for details.)

C. Barrier Effects. Temporary flow barriers (which direct salmon smolts downstream) significantly affect
southern Delta circulation and likely have a major impact on Se flux through the Delta. We will analyze
1997-98USGS measurements [56] of the effects of barriers on south Delta flows, illuminating barrier-flow
relationships and making model-field comparisons. This exercise will not require resources for data
collection.
Task 3. Field Studies of Se Distributions and Transformation. Biogeochemical process studies---
conducted simultaneouslywith hydrodynamic experiments (Task 2)---will be carried out within specific
habitats (MI, FT, and 3MS). These experiments, conductedjointly with 3D modeling (Task 1B), will serve
as a ""microscope**for examining detailed interactions controlling transformations and distributions on a
local scale. The process study data will help us refine our coupled model (Task 1B) so it can ultimately be
used on a Delta-scale (Task 1C).
Se concentrations and speciation in the water column, suspended particulatesand sediments [11, 12,
~ 13,157 will identify Se transformation pathways, integrate laboratory phytoplankton uptake experiments
with insitu rates of Se transformations, refine model inputs, validate model outputs, and examine historical
records of Se inputsto the Delta. Specific approaches include:
A. Suisun Bay-Delta transect cruises extendingfrom Carquinez Strait to Stockton. Inthe first year the
transects will examine the whole system during four seasons (high flow, intermediate flow preceding and
following high flow, then low flow), in order to link to the Delta-scale model forecasts. The frequency of
cruises in subsequent years will be determined by needs to differentiate seasonal differencesor flow
conditions. At least eight cruises will occur in the three year period. By simultaneouslymeasuring the
conservative tracers of salinity or chlorinity, we can calculatethe rates and locations of Se transformation
(i.e. fluxes; [177), and use this information to refine our models.
B. Monthly collections of dissolved and particulate Se at sites in M1, FT and 3MS, coordinated with
bivalve collections and changes in primary productivity. Samples of water and suspended particulates will
be analyzed near monthly at one site in MI, FT and 3MS and at 2 sites in Suisun to identify changesin
concentrationand speciation of Se. Phytoplankton biomass distributions, phitoplankton composition and
photosynthetic carbon fixationwill also be determined. As primary production begins to increase in each
year, biweekly samples will be collected in order to capture dynamics in detail [50]. Simultaneous
determinationsof Se in resident clams will evaluate coupling between plant-carbon dynamics, Se dynamics
or transformations, and Se uptake by herbivores.
C. Detailedprocess cruises, with high resolution sampling over multiple tidal cyclesin M1, FT and 3MS,
coordinated with 3D modeling and deployment ofphysical instruments. At the same time that the
instrumented physical experiments (Task 2) are underway, effects of uptake, regeneration and sediment-
water flux of Se will be evaluated in samples collected on 2 day process cruises, with one study each in M,
FT and 3MS. Effects of transport and in situ biogeochemical processes will be separated by sampling
dissolved and particulate Se concentration and speciation at 3 hour intervals, at three sites within the




domain. Phytoplankton biomass is spatially heterogeneousin these habitats (Figure 13,[48]), so the
phytoplankton gradient will be characterized during the study by high resolution mapping along
predetermined circuits at differenttidal phases (e.g. high slack, low slack) and during spring and neap tide.
The R/V Complianceis equipped with instrumentation for continuously (every second) measuring and
logging near-surface chlorophyll fluorescence, turbidity, temperature, dissolved oxygen, and conductivity,
aswell as GPS location. Benthic sampleswill be taken to estimate effects of benthic grazing on
phytoplankton [9, 67, 46, 47], and thus ultimately on the fate of Se. A benthic sampling grid, developed
from geostatistical techniques, model results and previous studies by DWR, will overlay the surface water
sampling circuits. Regions of higher resolution will be included amongst an overall lower resolution
sampling grid, to capture different scales of patchiness. For each of the three habitats, 50 benthic samples
will be taken. Se fluxes either into or out of the sediments will be determined by taking sedimentbox cores
and sampling pore waters near the same sites, allowing calculation of a Se budget for the system. These data
will be essential for testing the accuracy of the model.

D. Collection of undisturbed sediment coresfor establishing a historical record of Se inputs. Knowledge
of historical Se trapping might aid forecasts of future responses in the Delta. A historical record of Se
contamination in Delta sediments over the last 100 years will be obtained from box and gravity cores at 4
sitesin the Delta where undisturbed sediments are accumulating. One site will be from Sherman Island as a
reference. Cores will be radiotracer dated, and particulate Se concentration and speciationwill be
determined. We have located 2 sites that are suitable; 2 more will be located.

The biogeochemical studies will refine, for the Delta, a sequential reactor box model under
development at ODU. In lieu of adequate computation capability for a Delta-scale physical-biogeochemical
model with detailed biogeochemical processes, the box model will allow better understanding of complex
biogeochemical interactions in a simpler physical context. The box model will improve biogeochemical
inputs to the coupled 213D model (Tasks 1B, 1C). The2D/3D model will provide a logical basis for
selection of boxes and improve the characterization of inter-box mass transfer, and exchange coefficients.
Task 4. Laboratory study of Se transformationsby local phytoplankton. Se uptake Kinetic parameters will
be established for a range of different phytoplankton speciesimportant in the SF Bay-Delta, including
freshwater and estuarine forms. Cells will be isolated from Suisun Bay, M, and FT, and clonal, unialgal
cultures will be established [29]. Cultureswill be maintained in Fisher's laboratory in WCL_1 (freshwater)
or £/2 (estuarine) media [30]. Dominant speciesin the upper bay include Melosira granulata, Skeletonema
potamos, and Cyclotellaglomerata (diatoms), Nannochloris afomus, Chlamydomonasspp., and Chlorella’
spp. (chlorophytes),the cyanophyte Anabaena circinalis, and the cryptophytes Rhodomonas lacustris,
Chroomonasspp., and Cryptomonas erosa [40, 8].

For each species, uptake kinetics of SeOs, SeO4, and organic selenideswill be evaluated in cellsduring
log-phase growth and senescenceusing the gamma-emittingisotope "*Se [24]. This approach enables
working rapidly with low, environmentally realistic Se concentrations. RadioactiveSeO; and SeO, are
commerically available. Radiolabeled organic selenideswill be produced by growing the euryhaline diatom
Thalassiosirapseudonanawith “Se-labeled SeO; for at least 6 divisions (cells will be uniformly labeled),
during which the cells convert the Se to seleno-amino acids [71, 3, 24]. The cells are then removed from
their radioactive medium and broken through a series of freezing and thawing steps; the released cellular Se
is in organic form [1]. Key Michaelis-Mentenuptake parameters (K, and Vpax) Will be determined for each
combination of Se species, algal species and physiological state using developed protocols [24, 61, 1]. Se
uptake can apparently vary greatly among species[43, 32}, so we expectthat Se transformationrates may
differ if seasonal succession occurs in the phytoplankton assemblages.

Experiments will determinethe Se:C ratios of algal species at different stages of growth. C uptake
rates can be simultaneously assessed using standard NaH'*C(); uptake measurements. The release of Se and




C in exudates from each specieswill be measured by transferringgrowing and decomposing cells to
unlabeled water and measuring the release of *C and *Se [39]. Exudationrates of organic Se from algae
should reveal their roles in-contributing to the organic selenidepool in SF Bay. These experimentswill help
determine the influence of phytoplankton on the Se budget in SF Bay and the extent to which different algal
assemblages are sources of Se for key herbivores, many of which accumulate essentially all their Se through
their diet[49, 70, 69].

Task 5 Se in Bay-Delta Food Webs Four approacheswill be used to better understand Se in food webs:

A. Continued monitoring d Se in bivalves Se concentrationswill be determined monthly, coincident with
monthly water and suspended Se samplings, from samples (n=>50) of resident Potamocorbula amurensis
from Carquinez Strait using established biomonitoring protocols (11), in order to sustain the time series of
Sein P. amurensis effectivelyused to understand Se availabilityto food webs in the past-[45]. Monthly
monitoring of Sein the bivalve Corbicula fluminea will be initiated at M1, FT and 3MS coincident with
monthly water column sampling (Se and phytoplankton), to characterize dynamics, trends and sources of
bioavailable Se in the Delta. Again, established protocols are available[35].

B. Studies d Se distributions in the food web. Sewill be determined in tissues from a large selection of
species; stable isotopeswill be used to evaluate feeding relationships(§13C, 15N). Isotope analyses were
added to the studies of Se in selected Delta organisms in the present study, and appear to be quite effective
in separating even small differencesin feeding strategy [66], if samplings are constrained within a narrow
window of time and replicated (n—15). The present proposal will allow the MI food web (Figure 14)to be
further sampled and understood. Interpretation of the combined isotope, Se concentration and kinetic data
will be used to identify more and less sensitive components of the Delta food web, and identify where Se
impacts might be expected.

C.Kinetics ¢ Se bioaccumulation in consumer animals and theirpredators. Kinetic aspectsof Se
bioavailability (assimilation efficiency, uptake from water, loss rates) will be characterized for key species
(Chironomus and amphipods), and for their predators, to develop species-specificbioaccumulation models.
Pulse-chase techniques with radio-labelled Se will be used to determine assimilation efficiency, several food
types will be compared, and experimentswill use low, environmentally realistic Se concentrations. These
approaches were successfully employed for P. amurensis, Macoma balthica, Corbicula fluminea, and
Leptocheirussp. {49, 62]. When the model parameters are combined with field measurements of stable
isotopes, Se concentrations and form, we can forecast Se distribution across the consumer level of the food
web under different conditions.

D. Effects on benthivores. Omnivores, plankton feeders and benthivores will be evaluated for use in trophic
transfer-associated studies of effects on reproduction in speciesimportant to Delta restoration. One goal of
this targeted research will be to develop general protocols that can be applied to evaluate impacts of
concentrations predicted for future management decisions. The study of adverse effects from dietary
exposures, especially on reproduction, are complicated, but are the only realistic approach to experimentally
evaluatingif or why a population might fail. We will select a prey speciesthat can be exposed/cultured in
the laboratory and fed en masse to predators in a three step food web transfer study. Predator response will
be the endpoint; experimentswill be constrained to study of growth in young fish or study of effects as
predatorsbegin to develop egg masses.

Task 6 Effectson Sturgeon. Mechanistic studies of Se effects on sturgeon will be extended. Late-stage
vitellogenicwhite sturgeon females will be exposed to environmentallyrelevant and toxic levels of Sewhile
held in outdoor 20 foot diameter tanks at ambient conditions. Oocyte formation will be evaluated along
with Se content of oocytes, embryonic developmentand early developmentof the resultingjuveniles. In this
experiment, 10randomly selected hatchery bred females will be fed Se-laden diet for the last two months of
yolk deposition (vitellogenesis). The diet will contain 20 ug/g Se in the form of selenized yeast, which has




been shown to contain mostly seleno-methionine. Following adequate time for oocyte maturation, we will
induce spawningand collect the mature eggs, which should have Se incorporated into the yolk platelets[20,
21). Subsampleswill be analyzed for whole egg and yolk platelet Se content[36, 23]. The formation of the
oocytes will be examined histologically. We will fertilize the eggs in vitro [20], and the development of the
eggs will be intensivelymonitored. Subsampleswill be taken at several stages throughout the gestation
period and investigated for histopathologicaland enzymatic abnormalities[58, 4, 55, 66]. Viable embryos
and resulting larvae will be reared and monitored for normal growth, organ development and signs of terata.
Observed effects will be related to the Se exposure and content of the mature female.

The field component of this study will involve collections of spawned eggs from the Sacramento
River [52]. The eggs will be transferred to the laboratory and reared in vitro [20]. The development of the
embryos will be monitored as above and relationships evaluated between Se in the collected eggs and levels
shown to produce adverse effects in eggs from the controlled studies. Lesions produced by Se in the
laboratory will be compared with those in the field to verify Se as the causative agent.
C.2c. Monitoring and Assessment. The monthly data collection proposed here will extend a Bay
“monitoring” time series of water column Se, bivalve Se and river-borne Se that began in 198618, 19, 35,
45]. It will extend a Delta time series begun in 1998, from Carquinez to Stockton, the first rigorous time
series of a pollutant from the Delta. This multi-media monitoring has influenced litigation, scientific studies
and management decisions for 15years; it is likely their continuation will also be influential.
C.2d.e. Data and Products. The co-PI’s are committed to generating data and publications that are
relevant, accessible, influential and understandable for the scientificcommunity, water managers, and the
public. All have a history of providing such service through presentations in a variety of academic and
public settings and publication in the peer reviewed literature, CALFED white papers and syntheses for
managers and the public. Full participation in CALFED science conferences will continue.
C.2f. Thework schedule is shown in Figure 15, and milestones are listed in Table 1. Thetasks are
interwovenin time, space and objective. Each could be accomplished alone, of course, but alone each
would be of greatly diminished value. Incremental funding of the entire project would be greatly reduced
benefit; the cross-discipline nature of the study is critical to overall success.
C.2g. Feasibility. The co-PI’s on this study have stature, substantial experienceand no vested interestsin
the local Se issues. The feasibility of the modeling, field studies and experimental approaches are
demonstrated by their experiencewith each approach as cited in their peer-reviewed publications. The
combination of high quality expertisethat has been assembled (hydrodynamics, modeling, Se
biogeochemistry, phytoplankton ecology, trace element fate and effects, sturgeon biology) is a very novel
aspect of this proposal. All co-PI’s have the facilities and experienceto successfullyaccomplishwhat they
are proposing. All required facilities are available and in operation (specifics available on request).
D.l. Applicability to CALFED ERP.

This proposal is critical to ERP Goals 1,2,3,4 and 6. Seisa toxic element that has impaired
reproduction and prevented restoration of native benthivorous fish speciesin other’systemq31].
Benthivorous species that are designated species-at-risk, harvestable species or species in decline, in the
Bay-Delta include native splittail, tule perch and sturgeon. Native species are likelyto be of different
vulnerabilityto Se, but most data suggestsbenthivores are especially at risk [66]. Delta smelt and salmon
could also be at risk from Se; the food web study we are proposing will specificallyaddress that issue. In
the Bay, Se transfer is accentuated in bivalve food webs and is short-circuited by some zooplankton (which
lose Se very rapidly and therefore do not accumulatehigh burdens). Fate in Delta food webs centersaround
the bivalve Corbicula,amphipods and chironomids; trophic transfer to and from these organisms is not well
known. Quantitative comparisons of trophic transfer can allow identification of predator species most and
least at risk, and may help explain specifically where Se is or could be an issue for wildlife restoration.
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Water quality issues in the Bay-Delta (Goal 6) are constantly changing, requiring both vigilance and
on-goingstudy. Seisan excellentexample. Refinerieshave reduced their Se inputs and concentrations in
the water column have declined in Suisun Bay {19]. But other sources of Se input may be increasing or be
affected by water management changes. Se is naturally enriched in the sedimentary soils of the western San
Joaquin Valley (SJV), and is mobilized by irrigation practices [60]. Pressure is growing to resolve issues
around salt and Se accumulationin SJV soils{72]. In addition, proposed management options for the Bay-
Delta include physical changes to the Delta system, like construction of new canals, reservoirs, barriers, and
shallow-water habitats, that could intentionally or unintentionally change the loading of Se into the Delta
and the Bay, thereby countering otherwise beneficial effects of managing the SJR. It s critical to avoid mis-
management of Se issues and avoid re-creation of conditions (in, for example, restored wetlands) that
previously were referred to as ecological disasters{e.g. ‘ The Kesterson Syndrome” [593). . A critical
uncertainty in all potential solutionsto disposal of irrigation drainage waters is the transfer of Se through the
Delta; another is the potential transformation/trapping within the Delta. It is also not well known how much
Se is trapped by the Delta under present water management conditions, although better understanding of
present conditions could aid better predictions of outcomes should conditions change.

Setrends in predators like splittail, sturgeon, diving ducks, or dungeness crab are difficultto monitor
with sufficient frequency, and difficultto interpretwith regard to sources. Prey species, like filter feeding
bivalves, are more feasibleto monitor and can be indicative of trends in predator exposure to Se, since food
IS the primary route of predator uptake [41]. The multi-media (water and bivalve) monitoring that will be
expanded by this study has already advanced understanding of water quality issues, and that will
undoubtedly continue.

Finally the study will specifically address the effects of Se on benthivores reproduction and
development, especially in white sturgeon, Acipenser transmontanus. Se IS a reproductive toxin that most
threatens higher trophic level species because of its efficient food web transfer. White sturgeon spend the
majority of their lives in the Delta and the adjacent northern section of this estuary (Suisunand San Pablo
Bays) [37, 38] ,and leave the bay to spawn in the upper river systems. A major food source of white
sturgeon, the filter feedingbivalve Potamocorbula amurensis, contain significantly elevated levels of Se
(avg=15 ug/g drywt.) [51]. Se concentrationsin white sturgeon flesh have been measured at levels above
those previously linked to reproductive impairment in birds and freshwater fish [42, 65,641. Nevertheless
reproduction is very difficult to study in these fish because of their rare occurrence, their migratory
behaviour and their long lives. White sturgeon populations are at risk, as evidenced by declining catch per
unit effort. Long-term studies of reproduction are essential to adequately preservethese ancient fish;
considering the potential additional stress of Se exposure should be a part of that determination.

D2. Next-phase funding. This is ajoint request for next-phase funding of the two projects:

1997- B0O6 Assessment of Organic Matter in the Habitat and its Relationship to the Food Chain (. Cloern,
lead investigator)

98-2015000-00096-Assessment of the impacts df Se on Restoration df the San Francisco Bay-Delta
Ecosystem ¢S. Luoma, lead investigator)

CALFED Category 111 is presently funding the above projects which are scheduledto end in 2001. Rather
than submit independent requests for next-phase funding,’we herein propose one integrated project. As
knowledge of food sources for Bay food webs and Se processes in the Bay-Delta have advanced it is now
clear that transport within and through the Delta is a major knowledge gap. Recently, important advances
have been made in physical modeling of the Delta, with the developmentof DELTA-TRIM [6, 7, 53]. This
Is a high resolution hydrodynamic model that incorporatestidal dispersion. It provides transport forecasts
for conservative constituents and can include simple water column transformation reactions. Dispersive
transports of constituents are observed that cannot be predicted with simple, one-dimensionalmodels or
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with measures of net flow and mean concentration. Three-dimensional models of transport and reactions
are also possible in specific Delta habitats. We are presented a timely opportunity to take advantage of the
momentum and the expertise used to develop DELTA-TRIM in that Nancy Monsen and Prof. Monismith
(Stanford) are willing to collaborate in this work to apply the model to non-reactive Se under various flow
conditions and refine the model for use with reactions. Further, incorporation of phytoplankton dynamics
into DELTA-TRIM has already begun (Lucas, Cloern). Thus, no time lags will occur in developing
expertise with this sophisticatedtool. Because water movement in the Delta, alone, is of paramount
importance in many CALFED issues, and because C and Se are also at the center of critical Bay-Delta
issues like water quality and restoration of native fishes, we believe this project offers several avenues for
rapid scientific advancement.

Transformationsof Se within the Delta were also not included in the earlier projects, as the initial
work focused on exploringthe Delta (from which no Se data existed previously) and understanding the Bay.
It is now clear that Se transformationsand'cycling are linked to the carbon cycle, so merging the Seand C
projects seems logical. Both earlier CALFED studies were successful interdisciplinarystudies of complex
issues. In this proposal we have explicitly added detailed physics to the mixes of previous disciplines. All
co-PI’s have long experiencein integrated, interdisciplinary studies, but we believe this team has
capabilitiesrarely assembled and the experience and commitment for synergisticadvancements on a
difficult but importantin mix of problems.

D.4. Previous CALFED funding: Progress

1997- B06 Assessment of Organic Matter in the Habitat and its Relationship to the Food Chain. This
CALFED Category1II Project is a collaboration between the USGS and University of California-Davis,
Stanford University, and Virginia Institute of Marine Science. The project was designed to answer
fundamental questions about the origin, quality, and quantity of the food resource available to support
secondary production in the Delta and Suisun Bay. It was motivated by the alarming population declines of
native species of zooplankton, and the hypothesis that biological production at the trophic level of
zooplankton is limited by the food resource in some habitat types within the Delta. The project includes
multiple approaches: analysis of historical data collected by the IEP to construct annual inventories of
organic matter supply to the Delta; new field sampling to measure primary productivity and compare the
quantity/quality/origin of the organic matter in different Delta habitat types; developmentand application of
a hydrodynamic model to calculate transports of water and organic matter in the Delta; and field
measurements to map the temporal and spatial variability of water-quality constituents in different shallow
water habitats. A description of the overall project was published in the IEP Newsletter. Examples of
progress include:

- Incubation assays of natural phytoplankton samples with C-14 were used to measure rates of primary
production in different Delta habitats. Assay results were used to develop an empirical model to estimate the
daily rate of primary production from simple measures of phytoplankton biomass (chlorophyll), turbidity,
and daily irradiance.

- Analysis of historic IEP data indicates three important sources of bioavailable organic matter: (1) riverine
inputs of labile dissolved organic carbon; (2) riverine inputs of freshwater phytoplankton, and (3) primary
production by phytoplankton within the Delta. The relative importance of these different sourcesvaries with
river flow, seasonal gowth cycles of the phytoplankton, and Delta exports. Phytoplankton primary
production contributes, on average, 47 tons of organic carbon per day to the Delta (this is the first estimate
of Delta-wide primary production). Results of this analysis will be published in a paper in Aauatic
Conservation.

- Zooplankton feeding assays demonstrate that secondary production can be food limited in the Delta.
Laboratory-raised Daphniawere exposed to natural seston samplesfrom differenthabitats, and rates of




growth and egg production were measured over five days. These assays show that the growth and
reproduction rates of Daphnia are highly correlated with food availability, indexed as phytoplankton
biomass. These experimentsprovide the strongest empirical evidence of a tight trophic linkage between
phytoplankton and zooplankton production in the Delta. Preliminary results were published in an IEP
Newsletter article and presented at the 2000 IEP Annual Meeting by Anke Mueller-Solger.

- A 3D hydrodynamic model was developed to simulate tidal-scale and residual transports in the Delta-
Suisun Bay. The model has been calibrated with time-series of stage and currents, and used to estimate
residence times of water in differenthabitats and flow conditions, to estimate the source mixtures of water
in different Delta habitats, and to calculate flow paths of transport. Results were presented at the 2000 IEP
Annual Meeting by Nancy Monsen. Incorporation of phytoplankton dynamics into this model is underway.
- High-resolution spatial mapping of chlorophyll concentration in Franks Tract and Mildred Island
demonstrated large spatial variability of phytoplankton biomass, both between and within these shallow-
water domains. Spatial variability is a result of the balance between the net phytoplankton source (primary
production — grazing) and tidal-scale transports. These results show large differences among shallow water
habitats as sources of phytoplankton biomass. They were presented at the 2000 IEP Annual Meeting by Lisa
Lucas.

Impact of Se on Restoration of SF Bay. Twice per year transects of dissolved and particulate Se
concentrationsand speciation in water, suspended sediments and bed sediments (during high and low river
inflow) were conducted since 1995 along with periodicbox cores and monthly determinations of Se
concentrationsin resident bivalves (Potamocorbula amurensis). Refineries reduced their inputs to less than
one-half the original load of Se by stripping selenite from their effluents by July 1998. Dissolved Se
concentrationsand speciationresponded dramatically to changes in refinery inputs. The peak of selenite
that once occurred near Carquinez Strait has disappeared. Total dissolved concentrationshave also
declined. Temporal and spatial patterns of particulate Se concentrations are variable, however. Particulate
concentrationswere particularly high in Oct. 1996 (1.5 - 8 g Se/g), and gradients suggested a Delta source
was important. Later transects in fall did not repeat these results, but high off axis concentrationsare
observed occasionally. The complexity of the data may reflect complex turnover of organic material in the
estuary. Despite the variability, on average, particulate concentrations appear to have declined along the
axis of the estuary since 1998. Total Se concentrations in bed sediment are relatively low (0.3 - 0.6 ng/g)
compared to suspended particulate concentrations. But Se/C ratios are similar between the bed sediments
and suspended sediments, so dilution with larger inorganic particles may play a role in the dilution of bed
sediment concentrations. Pore water concentrations in sediments indicate that Se isbeing transformed
there, but fluxes are not sufficient to explain water column concentrations (thus dissolved concentrations are
not sustained by historic Se stored in sediments).

Se concentrationsin bivalves (Pofamocorbula umurensis)have not declined since the refinery clean-
up, nor have spatial patterns changed greatly. High concentrations (10 — 20 pg/g dry wt.) are common in
the low flow season, but concentrations declineto 5 — 10ug/g drywt during high inflows (dissolved and
particulate Se are also lower in high flow conditions). Dynamic, multi-pathwaybioaccumulation models
were developed from experiments with P. umurensis(DYMBAM). Experiments showed very high
assimilation of Se from algal cells, as also seen in other bivalves. Se concentrationsin P. amurensis might
be facilitated by high assimilation from most foods, slow loss of Se, and particulate Se concentrations of
15 -3 pg/g dry wt . The cause of the temporal de-coupling of thedeclinein dissolved and suspended
particulate but not yet bivalve Se has not been resolved. Because temporal or spatial variability in
particulate concentrations could be a cause, monthly sampling of water column Se was begun in Dec. 1999
at two stations near Carquinez Strait.
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Se concentrations in the Bay food web organisms differ widely. Concentrationsin zooplankton

(previously unknown) range fram 0.5 - 6.0 pg/g dry wt, lower than concentrationsin clams. Experiments
showed that zooplankton short-circuit Se transport through the pelagic food web because they lose Se very
rapidly. Se uptake by phytoplankton can be extremely efficientin some species, but hardly occurs in others
(Figure 16). Thus succession of phytoplankton species could cause some of the variability in transformation
to particulate forms in estuaries. Phytoplankton may also have relatively invariable Se:C; thus responses to
changes in environmental Se concentrations within species may be small. The coupling of Seto C through
the phytoplankton is very important in the Bay-Delta. Samples of a wide range of food web organisms from
Grizzly Bay have been collected to evaluate the effects of Se exposure, feeding relationships (determined by
stable isotopes) and uptake kinetics on-food web distributions. Most samples are in the process of being
analyzed. Water, sediment and food web Se concentrationshave also been analyzed twice fram the Delta
(the first such data from this system), but interpretations are not complete. Four hundred juvenile white
sturgeon were obtained and a nontoxic feeding experimentwith Se in white sturgeon was conducted in order
to develop protocols and characterizebackground ranges of health parameters. A ninemonth juvenile
toxicity experiment involving feeding regimes of 15, 30 and 45 ug/g Se is presently underway.
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Research Interests: Speciation and biogeochemicalcyclig of trace elements; physiological ecologyof plankton.
Representative uublications: Doblin, M.A., Blackbum, S.1.and Hallegraeff, G.M. 2000. J. Plankton Res. 22(3):421-432;
Dablin, M.A,, Blackbum, 8.1., and Hallegraeff, G.M. 1999.J. Plankton Res. 21(6):1153-1169; Doblin, M.A., Blackburn, S l.and
Hallegraeff, G.M. 1999.J. Exp. Mar. Biol. Ecol. 2363347.

James Cloern is a senior research scientistet the U.S. Geological Survey, with 24 years of
experience directing a team study of the San Francisco Bay-Delta system. He received a PhD in aquatic
ecology from Washington State University, and serves as a member of the Science Advisory Group to the
IEP. Awards include a Fulbright Senior Scholar Award and the U.S,

Department of Interior Meritorious Service Award. A relevant publication: Cloem, J.E., 1996.
Phytoplankton bloom dynamics in coastal ecosystems: A review with some general lessons from sustained
investigation of San Francisco Bay, California: Reviews of Geophysics, 34 (2):127-168.

Jon Burau is a project chief with the U.S. Geological Survey, with 15years of experience studying
the hydrodynamics of North Bay and the Delta through numerical model development and applicationand
through field data collection and analysis. A relevant publication: Burau, J.R., S.G. Monismith, M.T.
Stacey, R.N. Oltmann, J.R. Lacy, and D.H. Schoellhamer, 2000. Recent research on the hydrodynamics of
the Sacramento-San Joaquin River Delta and North San Francisco Bay. Interagency Ecological Program
Newsletter, Vol. 13,No. 2., p.45-55.

Lisa Lucas is a research scientist at the U.S. Geological Survey, with an emphasis on modeling
physical-biological interactionsin tidal systems. She received her Ph.D. in environmental fluid mechanics
from Stanford University's Dept. of Civil and Environmental Engineering. Relevant publication: Lucas,
L.V, J.R. Koseff, J.E. Cloem, S.G. Monismith, J.K. Thompson. 1999. Processes governingphytoplankton
blooms in estuaries. I: The local production-loss balance, II: The role of horizontal transport. Marine
Ecology Progress Series, 187:1-15, 17-30.

Stephen Monismith is a professor of Civil and Environmental Engineering at Stanford University
and director of the Environmental Fluid Mechanics Lab there, with 13years of experiencein laboratory,
numerical and field studies of estuarine hydrodynamics and physical-biological interactions. He received his
PhD in Hydraulic Engineeringat U.C. Berkeley. He was awarded an NSF Presidential Young Investigator
in 1989. He serves on the IEP science advisory group and is an associate editor of Limnology and
Oceanography. A relevant publication: Monisrnith, S.G., Burau, J. and M. Stacey, 1996, "Stratification
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Dynamics and Gravitational Circulation in Northern San Francisco Bay" in San Francisco Bay: The
Ecosystem, ed. T. Hollibaugh, pp. 123-153, AAAS.

Mark Stacey is an assistant professor in the department of Civil and Environmental Engineering at
the University of California, Berkeley with an emphasis in environmental fluid mechanics. He received his
Ph.D. from Stanford University and his research has focused on the physics of stratfied tidal flows,
primarily estuaries. He is a member of the Bay-Delta Modeling Forum and has been active Nnthe San
Francisco Bay research community for 7 years. A relevant publication: Stacey, M.T., Monismith, S.G.gnd
Burau, J.R. 1999. Observations of Turbulence in a Partially Stratified Estuary, Journal of Physical
Oceanography, 29:1950-1970.

Janet Thompson is a research scientist at the U.S. Geological Survey, with 28 years of experience
studying the benthic community of the San Francisco Bay-Delta system. She has degrees in biology and
marine biology, and received a PhD in civil and environmental engineeringfrom Stanford University. A
relevant publication: Thompson,J. K., 1999. The effect of infaunal bivalve grazing on phytoplankton
bloom development in South San Francisco Bay. PhD Thesis, Stanford University.

F. Cost.

Full budgets in CALFED format are shown in Tables B1-Bé.

Written Budget Justification.

The co-PI’s considered submitting 5 or 6 separate proposals to CALFED for the project proposed above, but
realized that a combined proposal would be more cost-effectiveand, most important, be an unprecedented
opportunity for a unified truly cross-discipline of several issues critical to CALFED. Thus, this project
includes new measurements, analyses, and model-development that will build from a history of
collaboration between USGS, Stanford, SUNY , UC Berkeley, ODU and UC Davis.

The USGS-Menlo Park request includes salary support for a postdoctoral associate (Monsen) who
will take entire responsibility for Task 1A and partial responsibility for Tasks 1B and 1C. Also requested is
partial salary support for USGS employees Lucas 10% (Tasks 1B, 1C, 3B, 3C), Cloern 5% (Tasks1B, 1C,
3B, 3C), and Thompson 5% (Task 1C, 3C) for three years. Laboratory analysis of benthic samples will be
contracted to an established benthic ecology lab. Two years of salary support for a GS-9 biologist and
supplies are requested for some laboratory and statistical analysis of benthic samples and analysis of IEP
zooplankton data/calculation of grazing rates (Tasks 1B, 1C, 3C). Funding for multi-processor PC's is
requested for computationally expensive high-resolution Delta-scale hydrodynamic/biogeochemical
simulations, so that multiple simulations may runat any one time (Task 1). Travel to the study site and
scientific meetings for Lucas, Monsen, and the GS-9 is requested. Funds are requested for all three years for
one non-permanent GS-7 govt. technician who will be in charge of local logistics, to conduct and help with
sample collection and data generation for monthly sampling, transects and for process studies in Task 3 .
Although food web studies and experimental studies for bioaccumulation model (Task 5) will continue N
the 2001 these will be covered by previous funding for Andrea Robin Stewart and (partially) for Byeong
Gweon Lee from CALFED , 1998. In 2002 and 2003 funds are requested for salary for Dr. Lee to
continue development of the laboratory protocols and food web bioaccumulation models and for a half-time
post-doctoral associate to finish Dr. Stewart's food web analysis. We are requesting a gammawell counter
($20,000) for radioisotope studies of Se assimilationby predators like small fish.

The Stanford budget request includes 1 month/year salary, and partial logistical support, travel, and
supplies for Monismith, a hydrodynamics expert who will be advising on hydrodynamicmodeling (Task 1).

The UC Berkeley budget request includes 1 month/year salary, benefits, and logistical support for
Stacey, who will be designing hydrodynamic field experiments (Task 2A, 2B) and advising a postdoctoral
associate and graduate student, who will be planning and conductingthe experiments and analyzing field
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data (Task 24, 2B, 2C). The postdoctoral associate will be primarily responsible for Tasks 2A and 2B,
while the graduate student (for whom this research will comprisehis/her thesis research) will concentrate on
Task 2C. Salary supportis requested for the postdoctoral researcher (100% for 2.67 years) and graduate
student (100% for 2.5 years). The majority of equipment costs is for a SonTek “Hydra” for determining the
hydrodynamic effects of vegetation and wind-waves (Task 2C). Other equipment costs are for computer
hardware. Supplies and expendablesinclude marine-grade materials for deployment frames for field
instrumentation.

The USGS-Sacramento’s budget for Task 2 includes 2 months of Burau’s salary to analyze the data
and write the necessaryreports in the 3™ year. Boat and captain costs for all field work (Tasks2,3, and 4) is
included in this budget.

Cutter and Doblin fiom ODU will be in charge of Task 3 . One month of summersalary for the
senior PI (Cutter) is requested for the three years of the project. Cutter will participate in field sampling
(particularly at the start), be in charge of the biogeochemical modeling efforts, and will oversee other
participants. Doblin is a research faculty, and 8 months of salaryin Years 1and 2, and 6 monthsin Year 3
are requested. Doblin will be in charge of the day-to-day operation of the biogeochemistry, will participate
in most of the field work, perform all of the suspended particulate and field-based phytoplankton selenium
determinations, as well as associated data analyses, and focus on linking the ODU biogeochemical field
studies with the lab- and field-based biological work by SUNYSB and USGS. Six months of salary for a
Senior Technician in Years 1 and 2, and four months in Year 3, are required for the project, to perform
analyses, coordinate logistics and participate on all of the field work, compile data, and oversee the
undergraduate lab technician. This work will also represent a substantial portion of the Ph.D of a Graduate
Research Assistant. Funds are requested for an Undergraduate Laboratory Assistant who will prepare/clean
all of the sample containers, prepare reagents, and assist in sample preparation before analyses. The lab
supplies budget is based on considerable experience with the highly technical nature of water column and
sediment determinations of selenium and field work in the San Francisco Bay and Delta. The supplies
include sample containers, reagents, glassware, peristaltic pumps and tubing, filters, and sediment sub-
coring equipment and supplies (e.g., glove bags, nitrogen), monies for shipping equipment and samples, and
publication/page charges in Year 3. Due to the considerable amount of field work in Years 1and 2 (Delta
transects; process cruises; historical coring survey), travel costs include monies for six Virginia-California
sampling trips for 3 people (some combination of one PI, senior technician, and GRA) in Years 1and 2, and
two trips in Year 3. Travel monies for the PI’s and GRA to attend one national (ASLO) or CALFED
meeting to present results of this work, and P coordination meetings are budgeted in Years 2 and 3.

Funds are requested fiom SUNY for Fisher (2 months/year) who will be responsible for the overall
successof Task 4 and for Baines (4 months/year) who will be involved in all aspects of the research. Baines
Is a Research Assistant Professor at the Marine Sciences Research Center (SUNY) and will help design,
conduct, and interpret the proposed experiments. Funds are requested for one Ph.D. level graduate student
who will use thiswork as the centerpiece of his/her dissertation. We request funds in Year 1to purchase one
dedicated large capacity incubator ($5,000) for conductingthese experiments with radiolabeled cultures.
We also request $12,000 for the purchase of a Turner Designs 10-AU fluorometer and computer interface
for monitoring the growth of algal cultures and field measurements of chlorophylla. In Year 1, we also
request funds for the purchase of two microscopes ($2,500 each), listed under expendable supplies.
Expendable supplies also includeradioisotopes, dedicated glassware, polycarbonate membrane filters and
filtration apparatuses, radioisotope sample tubes, acids for decontamination, and appropriate biochemicals.
We also request $1,000 for each of Years 2 and 3 to cover publication charges and $3,500/year to help cover
costs associated with a service contract for one of the gamma counters to be used in this work. We request
$7,000/year to support travel, which will include periodic trips between Stony Brook and Menlo Park, CA,
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travel associated with field trips for collectionsof water and organisms, as well as participation in a national
meeting each year to present the results of our work. Indirect costs are calculated as 50.5% of total direct
costs (minus capital equipment) for on campus work (75%) and 26% of off campus work (25%).

Cost Sharing: The modeling proposed here will focus interpretations on the Delta, although the seaward
boundary is Carquinez Strait. Complex, 3D processes control hydrodynamicsin Suisun Bay. This proposed
project will leverage the investments of the USGS Place-Based study of hydrodynamics, contaminantsand
sediments centered in Grizzly Bay. That project is a>$1million per year effort that integrates contaminant
studies (including details Se sampling in the field), biological studies (including food sources or C cycling),
sediment studies and physical experimentsin the Grizzly Bay system. So simultaneouslywe will be
conducting interdisciplinary studies that develop 2D-3D hydrodynamic models in the Delta and 3D
hydrodynamic models in Grizzly Bay. Ultimately the two projects together should allow combined models
and interpretations for the linked Delta — Suisun Bay system

The proposed studies in the Delta will use a base of established infrastructure to take advantage of
the connections and experience working in SF Bay and the Delta of the several co-PI’s . Vessels to be used
in the hydrodynamic experiments (R/V Turning Tide, R/V Holly Day Bamett, R/V Mudslinger) are
contributed by the USGS Sacramento District (net replacement cost $630,000). Use of the R/V Compliance
(with onboard instrumentation for continuous near-surface water quality sampling, GPS, and data logging)
for hydrodynamic, biological and biogeochemical sampling will be contributed by the U.S. Bureau of
Reclamation. Several oceanographicinstrumentswill be contributed by the USGS Sacramento District (8
ADCP (plus two ship-mounted), 14 velocity meters, 36 CTD, 21 acousticreleases, 37 transponders, 22
frames, 7 autosamplers, 2 yo-yo buoys, misc. hardware) totaling $828,400 in replacement value. Coring
will be contributed from the USGS RV David Johnston. USGS-Menlo Park will contribute supplies,
logistical support, and salary support for Luoma(10%), Cloern (10%s), Lucas (65%), and Thompson(5%),
and some supplies and complete logistical support for the postdoctoral associates (total $440,000). Two
months per year of Burau’s salary will be donated by USGS-Sacramento for annual field work and
supervision of that work. UC Berkeley will be contributing 0.5 month/year salary and benefits for Stacey for
3years (total $19300). Berkeley will also contributea SonTek “Hydra” instrument package (replacement
cost $33,000). ODU will contribute existing automated Se sampling apparatusand glassware for use in the
field collections, as well as instrumentation and other facilities for state-of-the-art Se analyses, Professor
Vincenzo Casulli of the University of Trento, Italy, is permitting us to continue to use his TRIM3D code
free-of-chargefor this project (value $100,000). The yearly contributions are:

| _ 2001 2002 | 2003

| USGS-Menlo Park 139,391 _ 153,287 | 144,856 '

| USGS-Sac. District 800,000 800,000 f 60,000

| UC Berkeley 22,813 22,939 ! 6,569

| ODU 10,000 10,000 10,000
USGS Place-Based —1,000,000 -1,000,000 —1,000,000

| Studies, Suisun Bay
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Table 1. Milestones.

Date

Jan. 2001 | Start project, begin to hire needed personnel

| Milestone _ |

Jan. 2002 | Model results: Se transport without reactions under different hydrologic regimes

', Jun 2002

1 Data available: Se concentrationsfrom transects and monthly water columnin
2001

2.Data available MI study...geochemical, physical, model results

3.Data available P. amurensis and C. fluminea from 2001

4. Manuscript written on food web & Se in Ml

5. Verbal presentation of results for CALFED staff as requested. !

Jun 2003

1.Data available: Se concentrationsfrom transects and monthly water column in |
2002

2.Data available FT study.. .geochemical, physical, model results
3.Data available P. amurensis and C. fluminea from 2002

4. Manuscript on phytoplankton transformation reactions

5. Manuscrivt on bioaccumulation by invertebrate vredators

6. Verbal synthesis on any aspect requested by CALFED staff.

| Jan 2004

' L.Manuscripton Se cycling in Bay-Delta and biogeochemical modeling. |
2.Data available 3MS study.. .geochemical, physical, model results !

I 3.Data available P. amurensis and C. fluminea from 2003

' 4. Manuscript incorporating reactions and physics into Delta-Scale transport

' model

' 5. Manuscript on protocols for toxicity testing via dietary exposureto Se.

6. Manuscript defining Se effects on sturgeon reproduction.

7. Cross-discispline manuscript on model-biogeochemistry-transformation-food

web in Delta habitats.

8. Synthesis paper on Se in Bay-Delta completed.

23




Table B1 . e
SALFEDIL Burget for (partial] USGS-MP, SUNY, 0DU o
- I S Subject to|Overhead
Direct Labor Supplies& | Overhead
Year _|Task Hours Salary Benefits Travel Expendableg Rate Overhead | Equipment Total Cost
Year1 | ;
_ODU |Task3 |~ $78,410 $18.486 $12,000 $14,500 42.50% $52 443 —_ $175,839
_SUNY |[Task4 _ . .$52,500 $52,500 $7.000 $19,500 44.00% $39,079 $17,000 | _$144.144
USGS [Task5 $28,835| _ $19.982 $5.000 53%  $39,123 $20,000 $112,940
Project Management| 1% outside $3,200 $3.200
rotal Cost Year 1
Year2 |
_ODU |Task3d $82,060|  $19,467|  $12,000 $12,600 42%|  $52 931 $178,958
_SUNY_[Task4 $54,675 $9,786 $7,000 $15,500 44%|  $38,589 $125,549
USGS |Task5 . _. __|._$100891|  $26.465 $11,000 530  EVBOS® _ | .. $225.455
Project Management| 1% outside $3,045 $3,045
iotal Cost Year 2
Year3 | | - B I S R A . _
_ODbU |Task3 __ | _ $70,937|.___$16.108 $7.000 $10.000 42% $43,698 $147,741
_SUNY |Task4_ $57.333| __$10,615 _$7,000 $15,500 44%|  $40,136 $130,584
_USGS . ITask5 |. $109.891|  $26,465 $3,000 53% $73,859 | $225455
Project Management]t% outside $2.783 $2.783
‘otal Cost Year 3
‘otal Project Cost $1.475.693




[Table B2 _ R ) IR R -
|CALFEDI ﬂieui;iatr'n_rmarum USGS-Menlo Park :@ML@#M_; T I R
Direct Labor Supplias & Overhead
Yaar Tasks (1, 3) Hours Salary | Benefits | Travel | Expendables Equipment | [53.5%) | Total Cost |
2001 |Monsan GS12-1 {100%) 2088|  §57200| _ §17.747 §41214|  §116,161
|ueasGs132(0%) | 210| 6,807 §2,110,  $2,000 i o 5,953  §16

 lckomsTor(sw) | 10s|  $6.493 $000 N $4,018| :11%'
Thompson (6%) 105 $3,404 §1,055 2,441 $6,900

_ |Mulliiple-Procassor PG '. _ B40000) _52_1,1:15' £61,400

.. |Biologist GS9-1(100%) 20a8| _ $39,474] 0| 82,000 $4,000 _$es446|  $70,920
Contract for Benthios Analysls 250 samples ; $20,063)  $57663

Total Cost Year 1 $113,378)  $21.821 _ $4,000 $4,000 $40,000)  $120,533  $341,23
2002 |Monsen GS12-2 (100%) poss|  see700|  $19.437)  s1s00 $45,8631 5129,5001
.. |lucas G513-3 (10%) 210 $7.697 $2,388) 52,000 el BBETT) §18,860)
—— T 105 $6,883| 5964 A _§4.254  §12.101
_______ __{Thompeon (5%) .08 $3.848 $1,193 §2,7e3 37,705
_ !Blologist GS9-1 {100%) 20mB|  $43,237 0|  $2,000 $4,000 §27,450|  §76,606
Coniract for Banthos Analysis 260 samples §20,063 §57 563

Total Cost Year 2 | $124,366|  $23.8080|  $5500 $4.,000 $108,969) $302,314

e —f :

2003 _ [Monsen GS12-3 (100%) 20BB| 388610  $21.268( 1,500 _$50,005)  $141,384
o |lucas GS134(10%) 210 58,413 §2./608, $6,009)  $17,030
. |Cloam STO1 {5%) ol s7.2e] 81021 - #4,508)  $12,823

Thompson {5%) 105 §4.207 §1,304 $3,004 8,515
 Total Cost Year 3 §84,319] S24808)  $1.500 50 $60,519)  8171,236
o TotalCost ) . $aerp62|  §70,699 $11.mi $6,000 . $40,000|  S288,020) §814,781




{=able B3’

1
I
I

SALFEDII Budget lor USGS-éacrame_n.to‘ 1
I e Subjectto Overhead R E—
Salary: Leave
Direct Labor assessment, : Supplies& Vessel Overhead
Year |Task — Hours Salary Report costs Travel | Expendablej‘ Equipment! __Costs 1 _ (69%). ! TotalCost.
Year 1 |Task 2- Purchase Equipment $0 $0 $0! 500  $102,600 $0 $91,580__ $194,18
2001 |Task 2 - Physical Experiments ] : | 4
______ .12b- Mildred Island 1168 $34,27 59,600 52,000 $11,65 $01 $2.550 553,619 511369
2a - Three Mile Slough 816 524,207, $6,500 $0 $4,700] $0, $4,200__ $353520  $74,959
_ . ATask 3- Bio/Chem Experiments 4 $1,001) - 5398l $0 S0} 30| $750 $1,%‘3F__ _ $4,063
— Task 4 - Bio/Chem Monitoring 96 $2,40 $961 $0 $0 $0. $1,800 $4.276 $9.061
‘otal Cost Year 1 $61.86 $17,45 $2.00 $163501 $102 60(; $9.3001 5166 74 $305 97
Year 2 !Task 2-Physical Experiments — ! -
[2b- FranksTract 1 1274 $40907 . $11200  $2,000] _ $10,476 50, .5.3,60.q - $60.85€1 $129,049
|
l!Task 3 . Bio/Chem Experiments 40 51,141 545:4_ $ol 50, $0 750 2086 34420
. 'Task4 - Bio/Chem Monitoring 96! $2,73 51.09 $0; $0) $0l ___ $1.800 $5,01 $10.646|
‘otal Cost Year 2 $44.78 $12,74 $2 OOOIl $1 0.475; $0! $6.150 $67.95 $144 117
Year 3 (Task 2-Analysis and Reports 5200 $24.121 $5.80 $0|I $0.| $0 $0 $26.707, $56,629
“otal Cost Year 3 $24.121 H $o! $0! $0 $ol  $26.7071  $56.626
~alal Project Cost $130,791 $36.00 $4,000 $26 62§ 5102.600 $15.450] $261.40 5596.719




e ——————— e ——————————
Tablo B4 IS B S — —
CALFEDI Budget for UG Barkoley | |~ [~ [ ._ N
- " Subjectto Overhead - ~ | Exempt from Overhead |
Giraduata
Diract Lakbor Supplics & Sarvice Cvarhaad Siudant Fea
Yaar |Task Hours Salary Banafits Travel | Expendables| Contracts [E0.4%) ent | Remission | Tolal Cost
Yoar 1 |(Task 2 2058 LER,B40 7,708 1,000 £5, 000 g0 F3.615 $33.000 $2576] #$144 830
Todal Cost Yaear 1 E5B,940 7,708 1,000 P 0 $36.615 §33.000 Eé]"ﬁ §144,839
Yoard [Task 2 3567 £70,317 58,046 52000 31,000 S0 S41.007 0 £6,345 312'.",:?1
|
Total Cost Year 2 $70,317 £8,046 $2.000 $1,000 50|  $41.007 $0|  $5345| 5127715
i
Yoar3d |Task2 2871 557,804 55,841 $2,000 51.000 0 $33,589 50 §5.746]  $105.880
Total Cost Yoar 3 $57.804 $5,841 sz,mn[ 51,000 $0 $33 689 §0 §5.746]  $105.080
Tokal Project Cosl £187,061 $21,585 $E.Dﬂﬂl 7,000 B0 $111.211 $33,000 FI3607] 378534




TableBS [N (S R — | — -
ALFEDI Budgatfor Stanfeed — | T T L L I I
o I Subjoct bo Ceorhead Exempt fram Cverbesd
: Graduale
Diresct Labor Supplies & | Senvice | Overhoad Sludint Fa
Yoar Task Hours Salary | Berells | Teave® |Expendables| Cordracls | (80% ) | Equipment | Remission | Tolal Cost
L Tas 1 $0.061) $240057) 2000 31,000 u,m:rnﬂi‘ giog17]  $8.000 $a2.778
Total Cost Year 1| Tosk 1 §9.961  §2401  gap00| i .nm:; g,uiul S0417] 35000 s0| 332778l
Wiear 2 Thak 1 £10,358 32 52487 E,i_]l]oiu 51,000 :Eﬂlll_ i ] %0 420 £Rg
Total Cost Year2  |Task 1 m 52 .447] 2, m:'g £1,000 £10.714 30 g 328,
¥aar 3 Tasi 1 $10.774)  $2.508 §1,000, $0 0 g,
Total Cost Year 3 510,774 2 £1,000 0 so| g2
Toasl Profect Cost 3 §749¢ %4 £3,000) ss.unn| m.-aal 56 0] g80,74




Table B6. [ [ | I |
e ] | Subject to Cvarhead
Graduate
Direct Labor Supplies & Service Overhead Vessel |Student Fee

Year |Task Hours Salary Benefits Travel Expendables] Contracts Rate Overhead | Equipment Costs Remission | Total Cost
JYeart | — . — . N

ODU |[Task3 o $7T8410)  $18486 _ $12.000  $14,500 425%|  $52,443 o $175.839
SUNY |Task4 N FS2A00| 552,500 $7.000  §19,500] b 440%|  $39079] #1700l ] | ¢144144
USGSMP(Tasks sonsss|  sinans| | ssom] s30% sontz]  s20000) 8112940
USGS-MP{Task 1, 3 s13a78]  $2a21| sa000]  $4.000 SITHE00  S30%| §120533)  $40,000 £341,231
UBGS-Sad Task 23,4 - $61,803)  $17459 £2,000) 18280 | 80.0%| §166,740(  $102,600 £9,300 $395,974
Barkaloy |Task 2 258,940 §7.708; 1,000 5,000 50 E04%  $3EIS]  £33000 2576 $144.840
Stanfond |Task 1 ] 51,061 &2 401 £2 000 £1,000 S2000(  GOO%)  $10,417 85,000 0| $52 778

Project Management] 1% cutskle §4,576 4,676

Todal Coal Year 1

Year i —_— - — —

QDU | Thsk 3 e | $82060 _ $19.467|  $12,000{  $12.500 42.0%! 552831 o $178,959

BUNY | Task 4 A $54§ZEJ ..... 86788  $7,000  $15500 4400 $38.588| - _$125,549
USES-MP|Tasks | $109.801,  $26.468 $11,000 53,094 ___$78.099 _ 1 $225,453
USGEEMP Task 1,3 $124,366| _ §#3,980] $5,5001 _§4,000 £37.500 B20%) S106969y  f 'I $302,314
USES-SecTask23d | | $447874  $12,748| $2,000/ $10,47§ | 89.0%!|  %E7558 H6.150 124117
Buskedoy |Tosk 2 STOAI7]  $8.046 Smn:l1 $1.lruu; $0 50.4%|  $41,007 $5,349  $127,715
Standped [Teek 1 | %10as8 2407 F2000 _51.000 $2,000! 60.0%!  $10,714 b | %2856
ww& oulskle | $4.608 $4,608
Total Cost Year 2
_Yeard _l_ o

ODU |Task3 $70,937.  $16,106]___$7,000| _ $10,000 42.0%| 343,698 . _ $147.741

SUNY |Task4 : $57,333  $1061§  ¢700q  $15,500 44.0%|  gapyzs| $130,584
USGS-MP|Tasks | . _$109,89 $26,465 $3,000 530%|  $73.859 . -L —.$225 455
USGS-MF|Task 1,3 _ _B64,318) §24,899)  $1.500 _%0 $ol .| _$60519 _  _ i $171,236
USGS-SadTack 224 | | $24121 $5.800 $0 $0 $o 89.0%| $26707) | o $56.624
_Berkeley |Task 2 . $57,804 $5,841 $2.000 $1,000 $0 504%| $33%889) | . $5746] $105.980
Stanford |Task1 | $10,774 $2,596 $2,000 __ $1,000 $2.,000 60.0% $11022f L $29,392

Project Management] 1%outside #@; 7777777777 $4.137

Total Cost Year 3
Total Project Cost $3.361.160
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Physical-Biogeochemical Model

Hydrodynamics

¢ TRIM-based (Casulli 1990)

e 3D (multiple layers) or 2D depth-
averaged (1 layer)

e computationally efficient
e numerically stable
e wetting & drying of grid cells

e advective schemes for tracers
(Burau et al. 1993; Gross et al.
1999a, b):

-mass conservative
-stable
-minimally diffusive
-accurate
¢ validated with field measurements _

Phytoplankton
dynamics.

light- and tehperafure-driven
photosynthesis and growth (Cloern et al.

1995)

Delta-specificP-1 parameters (Edmunds
etal. 1999)

light availability accounts for turbidity
respiration loss (Cloern et al. 1995)

benthic grazing rates calculated from
measured benthic biomass and density
of bivalves and Chironomid larvae, if
sufficiently present; filtration rates based
on publishedvalues

zooplankton grazing based on counts
(DF&G, DWR) converted to biomass,
apply published functions for
consumption rates as a function of
temperature and phytoplankton biomass

validate by field measurements of
phytoplankton biomass

Figure 5
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Dissolved Se
reactions

uptake by phytoplankton:
Michaelis-Menten uptake model;
maximum uptake rate &half-
saturation constant based on
laboratory experiments

benthic fluxes based on
measurements

to approximate phytoplankton
cellular Se content (particulate),
employ simple empirical conversion
from cellular C to cellular Se,
accounting for ambient dissolved
Se

validate by field measurements of
dissolved and particulate Se
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3D Evolution Equations for Phvtoplankton Biomass “B”
and Dissolved Selenium “S”

(solved in TRIM-based hydrodynamic/biogeochemical model)
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Figure 8. Measurements of conservative tracer flux through 3MS from 1996
by Eurau (pers. comm.). The conservative tracer is specific conductance.
Total flux (solid line) of conductivity has two components: tidally-averaged
"advective" flux (dashed line) and dispersive flux (dotted line). Tidally-
averaged advective flux reflects the net flow of water mass; dispersive flux
reflects the tidal-timescale processes (occurring over hours) which stretch
and disperse a solute cloud. These 3MS data show that dispersive flux may
be greater in magnitude than and inthe opposite direction of net water flow
and advective solute flux.




Figure 9

Se Particulate vs. Dissolved Concentrations
San Francisco Bay September '86 and October 96
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Chlorophyll distributions in Mildred Island
June 23, 1999
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Environmental Compliance Checklist Mot @FL{;‘JJQ

All applicants must fill out this Environmental Compliance Checklist. Applications must contain answers to the
following questionsto be responsive and to be considered for funding Eailure to answer these auestions and
"includethem with the application will result in the application being considered nonresponsive and not

considered for funding.
1 Do any of the actions included in the proposal require compliancewith either the California Environmental Quality Act

(CEQA), the National Environmental Policy Act (NEPA), or both?

YES NO

If you answered yes to # 1, identify the lead governmental agency for CEQANEPA compliance

Lead Agency

Ifyou answered no to # 1, explain why CEQANEPA mmpliance is not required for the actions in the proposal.

Regenred 5’5’-.12!

If CEQNNEPA complianceis required, describe how the project will comply with either or both of these laws.
Describe where the project is in the compliance process and the expected date of completion.

Will the applicant require access across public or private property that the applicant does not own 1o accomplish the
activities in the proposal?

If yes, the applicant must attach written permission for access from the relevant property owner(s). Failureto include
written permission for access may result in disqualification of the proposal during the review process. Research and

monitoring field projects for which specific field locations have not been identified will be required to provide acress

needs and permission for access with 30 days of notification of approval.




6. Please indicate what permits or other approvals may be required for the activities mntained I your proposal. Cheek
all boxes that apply.

LOCAL
Conditional use permit
Variance
Subdivision Map Act approval
Grading permit
General plan amendment
Specific plan approval
Remne
Williamson Act Contract
cancellation
Other
@leasespecify)
None required

STATE

CESA Compliance

Streambed alteration permit (CDF)

CWA § 401 certification - RWQCB)

Coastal development permit _— (Coastal Commission/BCDC)

Reclamation Board approval

Notification (DPC, BCIDW)

Other
@leasespecify)

None required

(CDFC)

FEDERAL
ESA Consultation (USFWS)
Rivers & Harbors Act permit — (ACOE)
CWA B 404 permit _ (ACOE)
Other

(please specify)
None required

DPC = Delta Protection Commission

CWA = Clean Water Act ESA = Endangered Species Act

CESA = Cali®rnia Endangered Species Act CDFG = Cali®mia Department of Fish and Garne
USFWS =1U.8. Fish and Witdli® Service RWQCB = Regional Water Quality Control Board
ACOE = U.S. Amy Corps of Engineers BCDC= Bay Conservation and Development Comm.




Land U Checklist

All applicants must fill out this Land Use Checklist for their proposal. Applications must contain aswers to the

followingquestions to be responsive and to be considered for funding Eailure to answer these auestions and
include them with the application Wil result in the application being considered nonresponsive and not
nsider: r fundin

1 Do the actions in the proposal involve physical changes to the land(i.e. grading, planting vegetation, or breeching levees)
or restrictions in land use (i.e. conservation easement or placement of land in a wildlife refuge)?

Vo

YES NO

2. If NO to # 1, explain what type of actions are involved in the proposal (i.e£ research only, planning only).

3. If YES to# 1,what is the proposed land use change or restriction under the proposal?

4, If YES to# 1, is the land currently under a Williamson Act cotract?

YES NO
5. If YES to # 1, answer the following:
Current land use

Current mring
Current general plan designation

6. IfYES to #1,is the land classified as Prime Farmland, Farmland of Statewide Importance or Unique Farmland on the
Department of Conservation Important Farmland Maps?

YES NO DON'T KNOW

7. If YES to # 1, how many aeres of land will be subject to physical change or land use restrictionsunder the proposal?

8. If YES to # 1, is the property currently being commercially farmed or grazd?

YES NO

9. If YES to #8, what are the number of employees/acre
the total number of employees




10.

11.

13.

14.

15.

16.

Will the applicant acquire any interestin land under the proposal (fee title or a conservation easement)?

YES NO

What entity/organization will hold the interest?

If YES to # 10, answer the following:

Total number of aeres to be acquired under proposal
Number of awes to be acquired in fee
Number of awes to be subject to conservation easement

For all proposals involving physical changes to the land or restriction in land use, describe what entity or organiztion
will:

manage the properly

provide operations and maintenance services

conduct monitoring

For land acquisitions (feetitle or easements), will existing water rights also be acquired?

YES NO

Does the applicant propose any modifications to the water right or change in the delivery of the water?

YES NO

If YES to # 15, describe




